Secondary effects of hepatosplenic schistosomias is such as infantilism, hypersplenism and portal hypertension are corrected by surgery only. On these occasions, when the portal venous system is readily available to the surgeon, it is possible to remove the schistosomes by the extracorporeal filtration of portal blood.
Adult Schistosoma mansoni dwell in the portal system of humans, in small tributaries of the mesenteric veins. When tartar emetic (potassium and sodium antimony tartrate) is administered intravenously in a dose of 3 mg/kg of body weight, schistosomes are mobilized from the peripheral intestinal venules (A C Barreto & E A Friedheim, unpublished data): they are washed into the portal vein by the portal blood flow; later they swim against the current, back into the mesenteric venules.
Surgical Principles and Technique
The extracorporeal filtration of portal blood for the removal of Schistosoma mansoni is depicted diagrammatically in Fig 1. The spleen has been removed. The splenic vein of these patients is of such a calibre as to permit the insertion of an appropriate plastic catheter into the portal vein, through the stump of the splenic vein. The patient is heparinized, the portal blood is diverted into an extracorporeal circuit, filtered and continuously returned to the patient's iliac vein. Mobilization of parasites from the peripheral intestinal venules to the portal vein is then accomplished by the administration of tartar emetic. Schistosomes are aspirated with the portal blood. The filter screen traps the parasites. Hwmofiltration is maintained for 50 minutes.
The filter-pump apparatus employed in this operation consists of:
(1) Semirigid plastic catheters for insertion into the splenic and femoral veins, sizes 14F to 22F.
(2) Tubing made of polyethylene, 7 mm ID and connectors made of stainless steel which are similar to those utilized in perfusion of openheart surgery.
(3) The filter. The components of the filter unit are: (a) One cylindrical chamber made of transparent semirigid polyethylene tubing, 25 mm ID and 250 mm long, which is available commercially, and is disposable. (b) Two stainless steel plugs, each made to fit snugly to the inflow and outflow ends of the chamber. The plugs are perforated at the centre and have a connector on the outer surface to which the plastic tubing of the circuit is secured by means of a snug fit of tubing and connector. The plug of the outflow end of the chamber has a stainless steel rod frame on its inner surface to support the filtering screen. 195 Nr.112/u. (Vereinigte Seidenwebereien AG, Krefeld, Germany) . Perlon Monodur is the trade name of a square-weave fabric made of synthetic fibre. The mesh orifices measure 0 112 x 0 112 mm and there are 132 meshes per in (52 per cm) of the fabric. A rectangular piece of Perlon Monodur of appropriate size is fashioned into a cylinder. This cylinder screen is securely fixed over the supporting frame on the outflow plug and housed in the plastic chamber of the filter. (4) The blood collecting reservoir. It consists of a glass flask, of 1,000 ml capacity, with a stainless steel top to which the inflow and the outflow lines are connected. There is a vertically suspended filter of Perlon Monodur Nr.1 12/u. mesh attached to the inflow orifice of the top. This filter prevents air bubbles finding their way into the reservoir and thence into the patient. The-re is a vent in the top of the collecting reser-voir which provides a means of entrance and escape for air. It is possible to close the vent when necessary. Gravity-siphon aspiration is used to withdraw the blood from the portal vein. The collecting reservoir is suspended 40 to 100 cm below the level of the operating table, at a point where maximum venous drainage is obtained without causing flutter of the wall of the portal vein over the catheter tip.
(5) The pump. We employ a roller pump activated by an electric motor. As a safety measure, the pump can also be hand operated. Two rotating metal rollers compress the perfusate-containing latex surgical tubing, ID 0-31 in. (8 mm), wall 0-06 in. (1-6 mm). Thestroke volume of the pump is 15 ml. The pumping rate is regulated by a rheostat which controls the speed of the motor. The pump can deliver up to 2,000 ml of blood per min. It is made by Industria Mecanica Macchi Ltda, Sao Paulo, Brazil.
General inhalation anesthesia administered with an intratracheal tube is indicated. The patient is placed flat upon his back, a three film manual changer being adapted to the operating table for operative portography. An oblique left subcostal incision extended well around the left flank is made. A polyethylene size 160 pressure measuring catheter is inserted into the right gastro-epiploic vein (Krutman & Luz 1966) . The portal pressure is recorded. The usual steps of a splenectomy are carried out. The avascular plane between the posterior surface of the pancreas and the posterior abdominal wall is entered. The stump of the splenic vein is dissected from the tail of the pancreas for a distance of about 3 cm, its tributaries being tied. A tourniquet is passed around the splenic vein 2 cm distal from the ligature placed at the cut end of the vein. The portal pressure is again recorded. A size 18 plastic catheter is passed into the stump of the splenic vein and advanced until its tip reaches the portal vein. The tourniquet placed around the splenic vein is tightened to control bleeding. A portography is performed by rapidly injecting 40 ml of Hypaque through the catheter and taking three exposures. The position of the catheter should be adjusted until its tip lies within the portal vein. The catheter is irrigated with sterile dilute heparine saline solution and clamped. The long saphenous vein is exposed on the anterior surface of the thigh. A plastic catheter is passed through the saphenous vein into the iliac vein. The pump-filter unit is assembled by the pump operator. It is primed with dilute heparin-saline solution.
About three minutes before beginning the filtration of the portal blood heparin is administered intravenously in a dose of 3 mg/kg of body weight. The inflow end of the circuit is connected to the portal vein catheter and the outflow end to the femoral vein cannula. The perfusion is begun by removing the clamps from both cannule of the portal and femoral veins and by operating the rotating pump at a low speed. Blood passes by gravity-siphon aspiration from the portal vein through the filter into the collecting reservoir. Then it is aspirated from the bottom of this reservoir by the pump and propelled into the iliac vein.
The level of the collecting reservoir and the speed of the pump are adjusted according to the portal vein flow. Portal pressures are continuously monitored via the plastic catheter placed through the right gastro-epiploic vein. When the optimal perfusion rate is reached portal pressure falls to a level of 5-10 cm H2O. The portal blood is being diverted from the liver into the pump-filter unit. Tartar emetic is then administered intravenously in a dose of 3 mg/kg of body weight. The schistosomes are mobilized from the peripheral intestinal venules to the portal vein within one to five minutes after the administration of the drug. The filter mesh traps the parasites which can be easily seen in the filter chamber. Portal iliac by-pass and filtration is maintained continuously for 50 minutes. The inflow line is then disconnected and the blood inside the unit is returned to the patient. Both catheters are removed and the splenic and saphenous veins are ligated.
Heparin is neutralized by slow intravenous administration of protamine sulphate. Incisions are repaired. Filters are dismounted. Trapped parasites are counted.
Clinical Material
Splenectomy with extracorporeal filtration of portal blood for the removal of Schistosoma mansoni was first performed on a human being on April 27, 1966, in the Edgard Santos Hospital, Federal University, Bahia, Brasil (Luz et al. 1967 ). Up to January 1968 more than 100 patients with hepatosplenic schistosomiasis were subjected to the new operation in the same hospital. The patients came from rural endemic areas or had lived in these areas for different periods of time. Some had been treated by schistosomicides in the past, others not. They were selected from cases with the hepatosplenic form of schistosomiasis mansoni admitted to the Department of Tropical Medicine. The diagnosis of schistosomiasis was confirmed by stool examinations and rectal biopsies.
Patients were judged eligible for splenectomy if they had hypersplenism, splenic infantilism, large spleen or portal hypertension. No patient was submitted to surgery primargy for removing parasites.
There were 52 males and 48 females. Age distribution of cases shows that the majority were children, teenagers and young adults. Eight patients were over 40 years of age; the youngest was 6, the oldest 55.
Splenomegaly was present in all patients. Livers were hard and enlarged, the left lobe more so than the right. There were no signs of marked hepatic function impairment such as vascular spiders, palmar erythema or jaundice. However, almost all patients had abnormal liver function tests.
Extracorporeal filtration of portal blood was attempted in 101 consecutive patients with hepatosplenic schistosomiasis upon whom we operated during a period of a little less than two years. It was successfully performed in 100 cases. In the one failure it was not possible to catheterize the splenic vein.
By-passes of 50 to 60 minutes' duration were very well tolerated, without changes in the vital signs of the patients and no evidence of damage to the formed elements of the blood. Most of the parasites were trapped during the first 30 minutes of filtration. There were no accidents and no major complications during the surgical procedures.
The morbidity following the procedure was similar to that of cases submitted only to splenectomy in our Surgical Department prior to April 1966. In the present series of 100 cases there were five subdiaphragmatic abscesses requiring drainage. Fifteen patients developed operative wound infections post-operatively. Minor respiratory complications developed in 18 cases. There were 6 urinary infections. Twenty cases had bouts of high temperature during the first 10 to 15 days following surgery (the so-called post-splenectomy fever). Four patients bled from ruptured aesophageal varices in the post-operative period: two survived (bleeding was controlled by intravenous administration of 20 clinical units of Pitressin); two died. One died from peritonitis confirmed by autopsy on the 33rd post-operative day; surgery had been uneventfully performed but on the fifth post-operative day there was profuse bleeding from cesophagogastric varices which did not respond to balloon tamponade and to the administration of Pitressin; a transthoracic transcesophageal ligation of varices (Boerema-Crile procedure) was performed, which was followed by empyema, wound infection, peritonitis and death. The other patient bled profusely from the cesophagus on the second post-operative day. The bleeding was not controlled by cesophageal balloon tamponade or Pitressin and therefore the patient was submitted to the Boerema-Crile procedure. He died six hours after the end of the operation. The cause of the 1 8 Proc. roy. Soc. Med. Volume 62 February 1969 4 sudden death of this patient was not apparent. Autopsy revealed intense cesophagitis with many superficial ulcers located in the lower third of the aesophageal mucosa.
The other 98 patients survived and were discharged from the hospital. The early survival rate for our series of 100 patients was therefore 98 % and the post-operative mortality 2%.
Schistosomes were extracted from 99 of 100 patients submitted to portal blood filtration. Males, females and pairs of Schistosoma mansoni were recovered in the filters and counted. Worm counts varied from 2 to 3,890 per case. In Table 1 findings are listed according to age group of patients. Most of our patients returned to their home towns which are located in-endemic areas, therefore some of them may become reinfected with schistosomiasis. Members of the Department of Tropical Medicine, under the direction of Professor Aluizio Prata, are following these cases. Patients have shown improvement of their general condition after being discharged from the hospital. Hypersplenism was cured as result of splenectomy and there was a tendency for improvement of liver function tests in many cases.
In conclusion, I would wish to emphasize that experience gained with the performance of extracorporeal filtration of portal blood of the present series of 100 cases shows that the surgical procedure is simple, safe and efficient and can be done by surgeons familiar with the performance of splenectomy and splenorenal shunts. We believe that the addition of extracorporeal haemofiltration to splenectomy is established in cases of hepatosplenic schistosomiasis mansoni requiring surgery.
